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INTRODUCTION

SINAGAMA (Diagram 1) is one of the earliest facilities in the government service that
was awarded ISO9002 certification by SIRIM in 1992. Presently, SINAGAMA is a
recognized facility under the United State's Food and Drug Administration Current Good
Manufacturing Practice (CGMP) to process product for export to North American
market; and EN46002 for products destined for European Union (EU). The facility is a
multipurpose plant which provides services for sterilization of medical devices;
decontamination of herbs, foods, pharmaceuticals and cosmetic; and facility that offers
Malaysian industries and scientists to conduct research and development in radiation
processing. The facility uses radioactive Cobalt-60 as gamma rays source. The maximum
designed capacity of the facility is 2,000,000 Ci.

By virtue of high radiation source used, SINAGAMA employ a very stringent
safety system. High in the agenda of the safety system is to protect workers, public and
the environment from accidental exposure to gamma rays and prevent radioactive
contamination. Other reasons for the need of the safety system in place are firstly,
radiation is potentially carcinogen at radiation dose lower than, and injury may result if
workers are accidentally exposed to dose higher than the threshold value of the stochastic
effect. Secondly, radiation due to its connotation would create topical issue and bad
publicity in media especially if such incident occurred at a Nuclear Center such as MINT.
Thirdly, there is a need to fulfill the requirements of AELA 304 1998 and the OSHA
1994. Fourthly, MINT believed that an organization, which ignores safety at workplace,
would eventually suffer losses due to high payment of medical and insurance bills, loss of
confidence by workers in the management and in serious case, authority (ies) may issue
stop-work order possibly due to negligence and violation of regulation.

Safety issues in a radiation processing facility could be viewed from two quiet
independent areas. Firstly Preoperational - which include design, construction and the
loading of the sources, which are normally carried out by contractors; Secondly, the
Operational stage, which is the responsibility of the staff. The general philosophy of
radiation control is that radiation exposures shall be kept as low as reasonably achievable
(ALARA) and each of the steps identified above (design, construction, loading and
operation) can contribute toward this objective. In addition, service facility like
SINAGAMA should ensure that products treated is safe for both workers and the users
once they are released into the market.

MINT was initially responsible for the design and specification of building for
contractor to construct; whereas presently, MINT is totally responsible for the operation
of the plant. Safety is guaranteed through adoption of Quality Management System
(QMS). It is the aim of this paper to discuss critically the policies and measures adopted
during these preoperational and operational stages to improve safety of workers, public,
the environment as well as the products treated at SINAGAMA.



DIAGRAM 1 SINAGAMA, MINT

DIAGRAM 2 FACILITY LAYOUT - IRRADIATION CELL



QUALITY MANAGEMENT AND RADIATION SAFETY

Preoperational Aspects - Design and Construction

In QMS, for example Clause 4.4 Design Control of the ISO9000 Standard, among
other requires the supplier to plan and establish project control over the design and
development activities pertaining to the service in order to incorporate quality required
by customers. Similarly, safety issues should also be addressed at the design and
construction stage of a radiation facility. To keep radiation exposure As Low As
Reasonably Achievable (ALARA), a number of "worst cases" assumptions were made
when considering such a plant. These include:

> the radioactive source is at the maximum activity the facility can accommodate. This
may, in fact, not be the case for some considerable time if ever;

> the permitted exposure levels for all personnel are the same as those for members of
the public;

> the plant would be operating - that is, the source would be in the exposed position -
for times well in excess of what would normally be the case.

These assumptions as well as a number of lesser ones help to assure that radiation
exposures are well within the accepted limits.

One of the three basic principles of Radiation Protection is that there shall not be
any leakage of radiation during the operation of SINAGAMA (Guard the workers and
Guard the hazard). This is achieved by having a barrier between the Co-60 source and the
working areas outside. SINAGAMA was built with 2-meter thick high-density concrete
(2.3 g/cm3) primary shielding which isolate highly penetrative gamma rays in the bunker
and the Controlled Area outside (Diagram 2). The maximum exposure rate outside the
shielding is about 0.06 mR/h which is well below designed averaged radiation level of
25mR/h (25 ^Sv/h). Apparently, 25mR/h is the background radiation level stipulated in
the AELA 304 and recommended by the International Commission of Radiation
Protection (ICRP).

However, a gamma irradiation plant does not, of course, only rely on concrete for
safety. It requires a collection of other devices to ensure the safety of operating personals,
and it is often the efficiency of these devices that will decide whether we are going to
have an accidental- possibly fatal - radiation exposure during the life of the plant. No
amount of meter thick walls will protect operator if he can just open the door and walk in
while the sources are in exposed position.

Because of the need to prevent accidents, several independent safety systems are
generally incorporated into the one facility. These include:

> an electrical/magnetic system for locking the entrance door to the irradiation area;



> a fail safe system on the device for hoisting the source from the water;
> a radiation monitoring system;
> an entrance security system which defines an entry protocols.

Each of these system is able, independently, to prevent access to personnel
exposure either by preventing entry or by dropping the source into the shield position, yet
the system are so inter-related that it is not possible to cut out or bypass one without
causing the others to fail.

An electrical/mechanical lock simply means that maze leading to the irradiation
bunker can only be opened if the source is in the water pool or in shielded position. If an
attempt is made to open the door while the source is in exposed position, the power hoist
mechanism is cut and the source will be lowered into the pool.

The fail-safe hoisting system indicates in the event of any power failure/structural
defect (say a support cable snapping) the source will again be automatically lowered.

There are several radiation monitors throughout a system and they will on one
hand indicate radiation levels on a meter and more importantly, activate a system of
warning lights to show that source is either exposed or shielded. Failure of the lights will
cause the system to fail to safe, i.e., source cannot be exposed.

The entrance security system is the most important safeguard of the whole
system. It means that if we want to expose the source or if we want to enter the radiation
area, a definite protocol of steps needs to be followed. In other words, if we are going to
irradiate some material, we just donot simply closed the door and push a button. A
definite sequence of safety orientation steps needs to be followed or the source simply
will not expose. Conversely, if irradiation procedure is completed and we wish to enter
the bay, we again need to follow a definite sequence of steps.

Thus, these four separate systems are incorporated into the design and
construction of the facility to ensure safety and security of the facility.

Another aspects that worth mentioning at the design stage to ensure safety of the
workers, public at large and the environment are the choice of location or siting for the
facility and its capability to withstand natural disaster. The plant is sited in an area with
minimal risk of flooding, i.e., at higher elevation with respect to river and stream. River
Semenyih passing through the area not far from the site will drain the site during heavy
rainfall.

Malaysia is not known to be prone to earthquake. However, the shielding concrete
can withstand against certain amount of earthquake acceleration. On top of that the
facility is equipped with a seismic detector which will respond to any movement of the
earth and trigger alarms to control console to shut down the facility.



Lightning and thunderstorm are frequent phenomenon in Bangi/Dengkil area.
Therefore, there must be considered for the Co-60 siting. As the plant was built according
to Building Codes Regulation for Malaysia, effective lightning and thunderstorm
precautions were installed. As such no danger arising from both natural phenomenon
affect the functioning of the facility.

Other in-built precaution taken into considerations in the design of the facility
also include safety of building and equipment in unlikely cases of fire and explosion, air
plane crash and sabotage etc. (Anon. 1989).

The above discussion showed how QMS namely ISO Clause 4.4 Design Control
was applied early at the initial, Preoperational stage of the facility to improve safety of
the facility, hence protect the workers, the public and the environments; and fulfill
authorities requirements.

Operational Stage

Safety at the operational stage as addressed in the QMS covered two critical areas. These
are:

> Safety of the products send for treatment at SINAGAMA
> Safety of personals involved in the operation of the facility

Safety of Products

The procedures implemented for product safety has two main objectives. Firstly,
the products that are send by clients should be safe to be handled by SINAGAMA's
personnel pre-, during and post-irradiation processing. Secondly, irradiated products
should be safe when used by customers once they leave the premise and sold in the
market.

The issue of product safety is stipulated in SINAGAMA's Quality Manual/Quality
Procedure Manual/Working Instructions (1999) - Contract Review Procedure. The
paragraph concerned the products send for treatment is clearly spelled and laid out in
items 7, 10, 11, 13, 16 and 17 of the TERM AND CONDITION FOR IRRADIATION
SER VICE. The issue of product safety in the market is addressed in various Clauses of
the same Manual. The pertinent Clauses are 3.8 Product Identification and Traceability;
3.9 Process Control; and 3.13 Control of Non-Conforming Product. Under the EN46002,
there is a requirement for a procedure to recall in cases where discrepancies are detected
for product which have already been released into the market.

Safety of Personnel, the Public and Environment

Safety of personnel, person living in vicinity, visitors to the facility and the environment
are of paramount importance at MINT's SINAGAMA. Incidentally, the safety of public



and the environment has been taken care of in the design and construction of the facility
as described in the earlier section. The likelihood of accident if it ever takes place at
SINAGAMA affecting the public and the environment is almost zero or infmitesimally
small. The subsequent discussion would only be confine to the safety of personnel
working within the Controlled and Supervised areas at SINAGAMA, i.e., potentially
exposed to high activity of gamma source.

Quality Management System addresses the measures taken and procedures
implemented in the various Clauses of the Quality Manual (SINAGAMA 1999). At the
end of the day, they are reviewed by the top management at MNT to gauge whether these
measures/procedures are successful in meeting the requirement as stated in the policy of
the Quality Manual as well as MINT'S safety policy as a whole.

One of the SINAGAMA's Quality Policy objectives concerns the health and
safety of workers. The statement, quote...

Our main objectives are.... "To have zero accident during the plant operation ".

....In order to achieve these objectives, we shall:

a) create a team work environment through clear direction by management and
installation of right quality concept and commitment to all level of staff,

b) implement a quality system based on the requirement of ISO9002/EN46002,
c) Adhere to USFDA quality system regulation
d) Stay abreast of new developments or technologies in order to improve

Needless to say, since the plant was commissioned for operation in 1989, there
was not a single report on fatal or major accident occurring at SINAGAMA.

SINAGAMA polic} on health and safety of workers are outlined in the QMS's
manual as well as in the MINT's Health and Safety Manual and Procedures
(SINAGAMA 1999). The manual describes the organization structure and the
responsibilities of the high level management, managers, supervisors, operators, products
handlers' etc. to ensure safety of the personnel working directly with the radiation
processing. The Director General (Corporate Division) is the Management Representative
(MR) responsible to ensure the execution of the various health and safety policies. The
MR is also responsible to review annually effectiveness of the health and safety policy
and its execution as required by the QMS regardless of it origins, i.e., ISO9000, USFDA
CGMP or EN46000. In essence, the MR is answerable to the auditors of the certification
authorities.

Among the Clauses in the QMS's manual that concern health and safety of
personnel at SINAGAMA facility include the followings:

> 3.16 Internal Quality Audit
y 3.18 Training
> 3.21 General House keeping



> 3.24 Irradiator Maintenance Program

Let's look briefly on the objective of each of the Clauses listed above:

3.16 Internal Quality Audits

The audit is a systematic and independent examination to determine whether quality; and
health and safety activities comply with the planned arrangements and whether these
arrangements are implemented effectively. It applies to all operations and control sections
of SINAGAMA. The internal audit is performed at least once a year to ensure safety of
workers.

3.18 Training

The main purpose of personnel training needs and provide for training of all personnel
performing" activities on quality and safety of the facility. Under the QMS, personnel
responsible for quality and safety must undergo training pertaining to the areas under his
responsibility. The USFDA requires personnel including non-radiation workers for
example clerical staff working in the radiation facility to undergo radiation safety
training. All these training must be documented.

3.21 General House keeping

Quality management system gives provisions to ensure cleanliness of premises via house
keeping in order preventing workers from contagious diseases while at work. These
diseases may originate from birds and rodents. The Quality Manual does have procedures
to execute these jobs.

Other quality system such as 5S (Seiri, Seiton, Seiso, Seiketsu and shitsuke)( National
Productivity Corporation, NPC 1999) introduced by the Japanese practitioner also
attempts to keep premises in orderly fashion in order to ensure safety and health of
workers.

3.24 Irradiator Maintenance Program

The program, apart, from ensuring the smooth and efficient running of the system and
machinery attempt to ensure all interlocking systems are in order so that there would be
any accidental exposure of workers to radiation. SINAGAMA maintains that the
machinery and safety system are biweekly, monthly and yearly checked to achieve the
aforementioned objectives.

CONCLUSION

Quality management system is adopted with the main aim to produce products and
services that meet customers' requirement, ensure their satisfactions and improve
manufacturing bottomline. However, in many cases, implementation of quality system



doesnot ignores and takes into consideration the safety of workers, the public and
environment.
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